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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide an SDRAM 
which gives sufficient CAS latency operation margin even 
at a high operation frequency. 

SOLUTION: The chip for a SDRAM is equipped with 
plural banks, each of which is provided with (n) main 
amplifying parts. An n-bit data bus that the main 
amplification parts share is arranged between two 
divisions of the banks, and (n) CAS latency control 
circuits are arranged concentrically between two 
divisions of banks crossing the two divisions for the 
arrangement of the data bus at right angles. 
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Sffllc#fflStt5n try hr^^i:. 
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V— ft!l»EIISWu #DQ/py^©fili:B8«4<, *■ 
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CLK) tSDRAM^-K^^^&eiSttS 
(LE2, LE 3, LE4) t SrA^J IT, ffiOfflMf 
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ffirlBfS-^ (LE34) SDRAM^f- * SrJI&aiR* 
LttH^Jt^ANDy- hi. 

S&IB»J»iai»lf|5(OftfJttIfi# (con3) Hiot, ffiffB 

*JiafS# (LE 1 2) i:SDRAMOf-^S:ffilSg 
LTttl^1"5NANDy — h 4: . 

«nE*JWEIK»<Z>«l»«# (c o n 2) (CjzoT. SWS 

^■i"S^*fctt. utrssNAND^— h^ba/jSHST* 

ffiia#JWEH5«50#JWfll# (conl) Ciot, mJfS 

7 r K ffl^i- 5 a»9 y ^-T 5 SB 2 9 2/ 4: Sr*tf - 
t S:»*i 1 5 C A S l/^ f V S/-BJ«E8„ 

ttrlB>f ^lil*«*4:mia*J»«# (con 

2) taot, ttriaafi ^y^a^fettJAS^sf*— 

? (Dl) S:SteUTiiaS$*S^*fcttiffiBfS-1±'S^ 



lWIENANDy— hd^feHiA*ix59*— ^ (D2) t Sr 

"hi, 

HtJlS^>^-^-^ffl^f-^i:f5l5$iJWf^ (con 
2) l:<tot, WIBNAND^— ^a>i^ffi*S;1^57 ^ — 
*&Kei*■^^-C95>^£^^:5S2^ n 5^>f W*— 
ir^^ft^CtSr#mt-r^f»*54f2«£OCAS W 

[0 0 0 1] 

AM (SDRAM) ©CAS Wf>i/-fflflSKOS 

»cBi-5t<o-e, w^iisv^fffflttft-ctCAS W 

[0 0 0 2] 

Tt^ey Sft^i: LTj£</8^tbT^£<> Ls&>U DRA 
Mtt/RA S/CASftifO=i-7^ KfS-^K i 0 »fE* $ 

«V^l*5S^«:^rLT1^5. tSoT, SififiDRAM 
©HMifcft »* S 0 /• * &*<0»ff *S#aiV n S 

D R AM^ig^^^-cffiV^ttTV^^o 
[0 0 0 3] ^Oi^iSDRAMTO^CASV 

-f^:/v— ©jwiaKSras#ia®S:*fiaL'ciJiwi-5c b 

1 fi^OSDRAM^CAS W -r>^>— ffilWOBSO 
Sa@BI-Cfel9. EI 2 t^*C0C AS W x^v— MiPIsI 

Bltt4/^ (BANKO, BANK 1 ^ BANK 
2. BANK3) fl|itS:^r-fS«e*coSDRAMS:^U 

fctco-C, &'<^?\zte^ *ti^tinm<0 2fcmiRmi& 

T?fcS^i8i|HSF5 (MAO i —MAO j , MA 1 i -MA 
1 j . MA 2 i -MA 2 j . MA 3 i -MA 3 j ) ri*BE 

?'J£*VC^5 0 SDRAMtdtti* bCn fcT 5/ h<7>^— ^ 

(MA 0 i -MAO j , MA 1 i -MA 1 j , MA 2 i 
-MA 2 j , MA 3 i -MA 3 j ) ft. [rI CSs*. 1 ? i — 
j X7F&tl-fZ"r — ?'<X (DATA i -DATA j ) 

fclBicE«S*vxv^« D tit, -tft-eh,©?*— 

tCC AS Wx^^— SWSiaiS (CLCCi-CLCC 
j) &lttHCMJ&£ltX&&:£tlX^Z>o "f-4fe*>. 
i #gOOCAS W^vv-— ffiiJWEBStfs i SiOf-^ 

[0 0 0 4] — «Wft«2PSDRAM-Cf4, AW 
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oy^AMfcS^n^^?' (CLK pad) Ktt 

/^yKWSjlfcDQ^oj/^ (DQi-DQj) ttf=- 
s/TV^ffllk f<jlbt)BANK2, BANK30fc5i 

[0 00 5] ni^DQycry^ (DQi-DQj) 
tt. *ti?ti?— 7 r b*>mX'<y Kit:* 

^f^-SJWK (CLCCi-CLCCj) t-ttt 
-e*tDQ^osf^|ciS5tl»rt;S*-C, DQ^oy^K 
»«Lfcffi«lcE«S;h/0*5. CASK 
T-W-fflWlH]»S (CLCCi-CLCCj) (Omtii^ 
*tJERi-SDQ^0 2x^ (DQi-DQj)'Kfi^Eli-e 

ffilWEIK (CLCCi-CLCCj) IC* n 
{f-*§-£r^;t$QC LK/<y77 (QCLK buf fe 
r) ^Dy^yK (CLK) K»&Lfcf£1EK:E@ 
£;M£o QCLK/^77^6U5^os'* r fft (QC 
LK) 4rieLtv^7^^*CASWf^-(W 
H9IeIB6 (CLCCi-CLCCj) fcijffitf-cv^5 0 
[0 0 0 6] 1 0 i 5 ftSBSrf 1 5 SDR AM© C A 

s ^^>i/^m^mvk<om^L\tm 2<ok& } o 

9*— *a*SrW«-r6^ny^fl|# (QCLK) SrA* 
It, **LW<0 9:y^¥« (2. 3, 4, 5) SrSJW 
-SfflWf ^ (conl, c o n 2 , con3) Srffl* 
i-5fMfflliai8» (1) i:, SDRAMM-K^? 

^-o (LE3 4) *rt«f f -*fc«:i&a*#LTffi 
^miAND^b (7) k, mffl\B}&U (1) 
feOWJfliKM-©— O (con 3) CiotllAND^ 
— h (7) ti*hmX£tl*?*—**tiiX , *1ttt:9??'f''r 
8*i??'f#a (2) ir, fflfflsllSA (1) a»&<D«9 
®te#£>ft&<£>— O (con 2) l:to"CSl5y^a 
(2) ^fetbASttS^-^SrlH^Sfctt^y^-*-** 
2?yf*8 (3) SiJ«[Hl^ffl5 (1) a>6><0»J*M» 
#0$?>(Cflfe©— o (c o n 1) tCioT, SE2 9y^ 

(3) ^&W*£;h,S^-*&a*Sfctt9 
5»3?yffll! (4) ir. (1) *»6<0SB 

3?yf*8 (3) — (c o n 1) £ SDR 
AMCO^E— K^^^^bfil^tlSCAS Wf ^Vi^ 
— «!HB«#<0te<0— o (LEI 2) £f&aS3|-rS|g2 
AND^ — h (8) k. % 2 AND y — H (8) <Dtti£l 

yff9 (5) SDRAM^-Kl/^^^bfi 
ISnSffiECAS W7 l yv'-M»fflf (LEI 2) 
tCctoT. »3?yf?a (4) A^foUJ^StLST*— ^ 
*fctt*4 5yffa (5) a»fettJ*S*LS-7*— ^SrT 
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[0 0 0 7] filT. 7*- (6) ©W^Srtft 
Mt"5, SDRAMM- KU^^*^e>e*§ix5C 
ASW Ty'>-WItO-o (LEI 2) teBHBrf 
M^-^- (6 a) i:, ^CASWf^-H 
»I# (LEI 2) 4:^f v^—^r— (6 a) Oft^fcJ: 
oT, I377f¥a (4) <Dtti£l*y £ -#ttit}/<y7 
7(Cgif5llg^-h (6 b) »CAS 
u-rx^^»*JWft-^ (LEI 2) i:-f (6 
a) ©fB^dio-C, *45yffa (5) 3&*6ffl** 

tus^-* £7*-* ta*/< ^7 neai-a* 2 ea^y 

— > (6 c) kfrbmtfLZtlX^Z. rcOx 
— #/<^a««B (6) CASWfV5/-«|«|* 

(LEI 2) 3iWOif7S'f' (5) 0)7*— ^SrSiR 
L, o-©i*7yf (4) (Df— ?Zm$l1-Z>o 

[0 0 0 8] #9y?-*SSrBI3KJ:oTiaM'r 
So *7^¥S (2. 3. 4, 5) ttV^-ftbfclHI— (O 
•MM* 6* 5. iix&0>9 2/^#«f*. »9[E]&&gp 

(1) A»fcffi#£*LSWJ««-^ (c o n 3. con 2. 
c o n 1 ) C0V^^ i; SrSSt*5^ 1 4 

( 9 ) . WJW«# ( c o n 3 , c o n 2 , conl) 
©v^*u&*fc#l-f £r-- (9) ©ffi^ft^-tcio 

ttiast5»i?oy^^v/w (10) t, m 

Hay^y/W (10) a»&m*£*LS«#«:R 
fitttti^t5f 2>fy/W- (12) IHttKre 
(con3. con2. conl) £>V^ *U&»i:SS 1 
(9) ©UJMfiKioT, 
*S ( W" *2-f (1 2) ^feffl* 

^fy^-^ (11) fcSrfl|;iT^S. 

[0 0 0 9] #5jx^-#ao^o^^>f * (1 

0) teEUK^-TJ: iEHEEffi (Vcc) km&$k 
b<Dm\zmi. I2PMOS (13. 14) k 
2NMOS (15", 16) ktmW&ffeZfrX^^o % 
2PMOS (14) tflNMOS (15) ©y-htf 
^fi*©AA«fi;49, I2PMOS (14) i 
fglNMOS (15) i:<D*^aa*«i:*So SB1P 
MO S (13) oy-hi:^2NMOS (16) O^- 

b<btct*A, B-e*Stt5H3 0»l^^— ^ (9) 
©A* i: ffi^J t *s*ft«x7JS 

[ooio] 5 (cM^Wc^cas w-^ 

B6 ttft*OS2 C AS Wfy^-i^^f S >^I2 
-Cfct), Bl7tt5§3l5©*3 CAS Wfy'>-l^^f 

* ^ym~e& v . B8ttffi*9»4CAswf>'^ 

»f^«?. »«£jh,fc'<V*(0±if««B (MAO i -MA 
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O j „ MA 1 i —MA 1 j , MA 2 i -MA 2 j Sfctt 
MA 3 i —MA 3 j ) tt, s<^# ftU<0"r — 9 8r*t« £ 
■fr-C^r — (DATA i -DATA j ) (Cr f — ^ 

(MA 0 i -MAO j . MA 1 i -MA 1 j „ MA 2 i 
-MA 2 j *7tf2MA 3 i -MA 3 j ) — f > 

[0 0 11] tLT, ^ny^fS-grft^oy^^y KS: 
^«*»?> Q C L K/< y 7 7 CAA SH, QCL 
K/< 77r f*f*3gC^ 5 QCL K tH^-f ^>o 

C^J: 5lc*j56SixfcQCLKi:/frr— *»**«:^LT 

(C LCC i -CLCC j ) CA^SttSo * 
fc, #CAS W^Vi^— »JWEI» (CLCC i -CL 
CCj) [CteS DRAMCDC AS Wryy^- Kir 

-f) ^"bCSl^tL^CAS Wf-^v— (LE 
2, LE 3 N LE4, LE12, LE34) &A£l&tl 

So 

[0012] %\ , ^2 cas Wryv- fbfp* s -fey 

TMV^£*VS^ (B5, 06) tt, ft* (LEI 
2) *S "/m"' «Rjfe&*L, (LE3 4) r* "n 

fcRj££*LS. — *3, S4CAS Wt^v- 
— ftf^jfts-fes/y-f i/^Six5*fr (H7 t H8) tt. « 
* (LEI 2) as "o-" KRjfeSJv (LE3 
4) tt <W" fcRfcSttS. - 

[0 0 13] -ttt, If* ( L E 2 N LE 3. LE4) 

ttSicAswfyv-im^ "Br-- tRje 

$*V£o fff* (LE2) (l|2CASW7yV^ 
ft* (LE3) li$3CASW7^--C, -ft* (L 
E4) |j:^4CASWfyV-^Mtl "✓N-f'fc 

St5 0 ffl®[H]5SSl5 (1) tt, QCLK^n^^ff^Sr 
A* It, ffilHBft-g- (conl, c o n 2 , con3) 

[0 0 14] #CAS W^>">— WlfPSretTKlRWi" 

So 

SI 1 CAS W^w— EbfK, 

CAS Wf^-WJ»fif (LE2, LE3. LE 
4, LE3 4) "n— " "C\ C A S*V>f r" SOW 
ft* (LEI 2) tt 'W |CK3fe*tt*. ffilftiaftSlS 
(1) tt-f-^T "o— " T*fc5<f* (LE2. LE 3, 
LE4) m$(O£0\C f6y«HS# (c o n 1, 

c o n 2. con3) <D±X* "n— " LTtH^'f- 
J5 o ff^. (LE3) d« "n— » ffc5OT$lANDy 
-h#H!a»T*l, »3 7yf¥» (2. 3, 

4) (Cft-r — ^^^PiP^tL^ *4?yffa (5) <Z> 
*f^— *ase5S£*L5o SflfflHt* (Conl) a* "n 
— " -Cff* (LEI 2) a* "/^" -Cfc 5 I2A 
ND^-h (8) Oft^a* "cr— » -efe5 0 Lfc^o 



T\ @4<7)h7y^^l3 ( 14^#^^-Vt^"9, 
H3C*t>f^# (10) tfAALfcf*— *SrR*s 
S*, 3fefc>fi"<-* (12) -CSe$^5co-e, Jg 
4?yf*a (5) tt, -r-^Sr^^Sit^o 
(LEl 2) ^ 'W 7*— *'<*a«SB 

(6) ■eu*4 7yf#a (5) a^tti^stbs?*-* 

V Ka><b 1 iNf ^/M^tcf*— ***ffl;fc£*u5 0 
[0 01 5] S2CASW7 V v— tbf^o 

CASWfyi/-$fflff^ (LE2, LEI 2) 
K />^f" , CASWfyV-aWf^ (LE 3, LE 

4. LE3 4) tt "o— " (CR^atSo IH6 0t*5 

KfB#ds»4Six5o ^tt, ftlflilElKA (l) tt\ A 
*Stt5^o y ^fB*.(QCLKl) S:SfiUfc«#S: 
*0HPfflH§- (conl) i: L-Cffl^J U fHftlffi * (con 
3, con2) liLE2, LE3, LE4fC±9 "n 
— w «ttSr«l»S*«. fc*3. 0 (H2tB«t?*5) 
fc*3»t« "d" tt-t<0«#coiBffiLfcflr*-e*>*ii:«r 
*LTV*5. fi# (LEI 2) as 'W -Cfe£GDT, 
S1CASW Ebf^'CO X 0 A^y 

(5) tfWRSiX*. S4 7 7f#a (5) \Z 

eaStt/k^-^tt. flBWflHf- (conl) as "n-» 
.OKIBtff— ^«rffl*U «HW«# (conl) as 

«^wjw«-§- (coni) as^^-y/v^ttso-c. 2 
^^/urt^sDRAM^&x—^asttJ^Sixa. 

[0 0 16] ^3CASW7yv'-l^ 0 
l3CASWf^>-i^i^tt, CASWt 1 ^ 
v/— *JW«# (LE34, LE3) as W i: <C 9 , 
CASWf^>-»Mt (LEU, LE2. LE 
4) « kt£Z>* (LE 1 2) as "n-» t? 

fc5<0-C, S2AND^-b (8) &m<^tt£<. 
-^^31^ (6) ^2fiiy-h (6 c) 

stt. ^ie^y-h (6 b) 3&s>f^-^us*t5. « 

* (LE3 4) as Vn^ m tfe^OT, »1, m 
3?yf?fi (2. 3, 4) as^^-^/W$tb6 e 
[E]£&$P (1) tt, (LE2, LE 3, LE4) tCj: 
9*J»«» (c o n 3) Sr "u— " fcj»»L, conl 
Wcon2«: ( V^» tc*6^i-5o ^?>t-. 

* (QCLK) C0ft^C0±#-i^v ;; -C, ffifllfS# (co 
n 1) «: 'Vn-T" a^ "b— " — S«PIB« 

"/n-<" t-M-To ^n^^fl* (QCLK) CO 

*4n^Ti»^!/^"c»0Wfli* (c o n 2) Sr w M a- 

[0017] I^)<J;.5MlJWf^ (conl, con 
2) ft, ?v>y?m-%- (QCLK) O 2#B £JL*<Z>^/U 

WJWf-g- (c o n 3) as "n-" ^Vu^Sra^LT 
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?m (2) «:iiau-c*2 9!/^a (3) t^e^ 

£ix<5o WKW* (c o n 2) "n-" Kg^tLfc 
B*, 7^l^2 7 7f¥U (3) taau*3?y 
(4) tcej§£H£o r<B«N 1WW«# (con 
2) f W" tdS^^tvS^-C, »2?yf¥ft 

(3) Bg3?y^8 (4) fcfiJiSitfcT*-**, 
WWW* (c on 2) asjEfC "n-" fc»»i-S«p*-C 
9y^UTV^S. tUt, fM*W# (conl) 

IzWfrT&k. *3 7s'f¥a (4) ^ 
(conl) <vm"' Jc:a»-rS4:. t*— ^Sr^s^ 

[0 0 18] S4CAS W^Vv'— OlJjfK 
S4CASWr>v'-i^i^t S3CASW 
^W-®I^-ecD<t »U I3 7yf¥8 

(2, 3. 4) (6) ©Sie^ 

— h (6 b) H^-^Sft5J:5i:CASKfy 
S'-JMflMt* (LE3 4, LE4) £ V^" fcRjg 
U H8tc*i-J:5^ $fJ^lHlSS$i5 (1) jftSftgftHB* 

(conl, c o n 2, con3) §:£ti;*J £i£5 0 S£o 

(2) is^y^Sixfc'T*— ;?«:JB2 9y^*a 
(3) iCfiHBU 82?yf*B (3) I4»3?yf¥ 
ST (4) KfiH*U »3?srf¥a (4) tt^— -?UJ* 

y — v K*»& 4 ^^rtfcT*— * ZttiJlTZo 
[0 0 19] 

SDRAMU #C AS Kf^- «y»iaK^#DQ 

-f*v9 teat is ttfy ^co^ny tciaia $ ttr v ^ <d 

w-HHWEtt (CLCC) i:S< lciE@£*t*:CAS 
Kfy->- fftlft)[fil& (CLCC) tKtClQCLKCO^ 
*«fti-So *fc. *1. mZ'O* (BANK 
0. BANK 1 ) <D*f--#*Wi^WLZ>&f(D7 : —#m& 
k* S3, S4/^^ (BANK2, BANK3) CD-r 

<£> Q C L K& Vf*— * <T> ;* * a — tf* * V ^SH^Ot* — 9 111 
5 ^^El"Cfc<9, Hl0tt?6*OCASWfy 
V— ffibf^CO Q C L KXl^r — 9<n?s*r=L— Wf^<D 
"r — 9ttiJj94 ^ ^ym-CJbZo H9 3fctfBU 0tc*5l* 
tCKtt^oy^t^^wJ,!), tSfiCASU 
^fyi/-7yftyh7y^We*9, tHftCA 
SKf^^-^mPM^, tLtskewl 
li*CAS WfW- WJWSaS^)^ o y^^^ra-"C 



S>9* s kew2(^y^)3iJ(DT-^^^i-'Cfc^ 
SPib, QCLKMf-^^^^^^V^ft CA 

swfy'>-l^7^f-7-^^<);^^ qcl 

KRXf'r— 9 (D zm^rtt. CAS Wr^ 
is—mftW—V^ (tS, tH) 3ft«»<tt0, 
S&^SVMSif^o ^1M^/I^$S< fcao-e, QC 
LK&W9*—^^^*a—lc J: < iot 

S:ft/Wb Ufc SDR AMf y^SrHfttS It^l #JT? 
[0 0 2 0] 

i-5fc*<Z>*j8W© SDRAMU ^ ^ttfflft^^^^S: 

5±5twSS«S*jxfcn try h?*—9'<xk* &y £ -9'< 

(^0) ^WHWKEILfcnlBOCASWfy 
v— MfllsIBJ:* #CASU^x>-iX-SiJ^[ElKcoffi^ 

9 k, *C A S Wf ^^M«llil»lc^ b y ^fltft 
HMnrt-S ^ n y 7 r k £ * Sr^tSirf 

5o 

[0 0 2 1] 

[*W^II*D*tM WB©t5ft*»H©SDRAM 

5, 01 Itt, *3BM* 1 HJ6?5ffl<0 SDRAMf 
<£>IBgEI-?fc<9, Hi 2H*«WI8«»ttlcia«Sixfc 
CAS W ^V->--WJ«liaB6<0«lJ5fcBlT?*)9. 013(1 

?tV^S?4<Z>4i@£>^:^ (BANK0, BANK1, 
BANK2, BANK3) #56 8:^5*38 9! <*> S DR 

ni@0 2^1f(fiI[e]SS"Cfc5±±ii|g^ (MAO i -MAO 
j , MA 1 i -MA 1 j , MA 2 i -MA 2 j , MA 3 
i —MA 3 j ) aSffi3flJ$;ft/r^S 0 t*>^>A/, s<>9<0 
»44fflfc|S5 1 t>^-Ctt4v\ J;^<tV>4<Tt 

[0 0 2 2] nlfyhOT-^^ttSU ^3/^^ 

T^<5 0 ^/^V^CO^tV-^ttCO^iiilil^ (MAO i -M 
AO j , MA 1 i -MA 1 j , MA 2 i —MA 2 j , M 
A 3 i -MA 3 j ) ft, ^tb^tKDmx.^km CSsx.* 
~C^£fLti J r — 9/<* (D AT A i -D AT A j ) tC^ 

A/t?V^5n<B<ODQyoy^ (DQi-DQj) (i, ?S 
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— ?'<X\Z 1M1 ttfc LTiaSSn^ ni^CAS 
$IJWIeI^ (CLCCi-CLCCj) 12. 

COCAS U-f -r-Viy— SOftlleliS* 5 i SBGDf*— #'<xt: 

*^r-r s ± 5 »c 7*— * ^ * * ix-eixflsi* s trc v * 5 . 

*Lt, — 3Wfc*i:«)&ixfcCAS W^Vi/— EIKdS 
co/^ a> KISS? L v Mttfit-EB £ *lT v ^ 5, ^ 

gBB£*i,£o Lfc^ot, #CASKfyv/-IH*l0 
SS (CLCCi-CLCCj) (Dmtl\ttfr^fU$LMft 
SaMvCV^SDQr/ci (DQi-DQj) KtiSlC 

»*S**t?aiiB*ixSC4:lc>S:5. ±IB^*5V^T, i 
§I^)CASW 7 1 V MWlHjgSfi-ttt^CO/^ >^ 

[0 0 2 3] ttt, BtrfSCOCAS W-<^V->— ©JWIhI 
K (CLCCi-CLCCj) K^n ^{f#£l^0l- 
5W«OQCLK^^77 (QCLK buffer) 
^By^/^y K (Clock pad) tC»»bfc@f 

SEiSJi, (QCLK) (nm^?^^ 

»4, #CASWfy^M«lllK (CLCCi-CL 

cc j ) ic3g»s*ba. 

[0 0 2 4] ^(Dj;5lcia«*ttS*»W^>CAS W 
«J»EIK<D«|J«S:H1 2lc^r. ^-^ffi^JSr 
WSi"5^ny^ft-& (QCLK) tSDRAMOT- 
Kl/^^ (H^it-n ^&61Slx5CASKfy 
v^-SWIff (LE2. LE 3, LE4) t SrA* L 
T. *tL-ett«)9^y-#«Sr«IWi-S«IW«* (con 
1, con 2. con3) Sra*i-5*J»lsIK« (2. 

1) 4:, SDRAMOT- Ki^^^^feeaiSttSC 
AS W^^— fM»ff#4>— O (LE3 4) 4: SDR 
AM^T-^t^lSlLttH*t5ANDy- h 

(2 5) fflffllelftSfE (2 1) ^«d«W*^-o <c 
on 3) tCjZoT, AND^-h (2 5) ^feffi^SiX 

2) ir, SDRAM^-KU^^^&fiiS^SCA 
S Wff^v'— #JWft#0*&0— O (LEI 2) tSD 
R AMOf- * 4: £rl&3SI3? L T NAND^- 
b (2 6) ts »J«[e18&W (2 1) <E>J6!HBKf-J§- (con 
2) fcioT* *l5yf¥a (2 2) 3&*&a**ixS 

(2 6) mfizft&f— # &m fitter 

(2 3) 4:. ffilflllslttffi (2 1) <0»J 
»fS# (c o n 1) td<fcoT. IR5yf¥S (2 3) 



^7ymi27yffS (2 4) i^fefllriESix 
[0 0 2 5] iKLfcW^yf^Sk (2 3.) <D#/£S: 

eii 3tc^-r 0 z.<omi&* w&m&to (21) <omm 

«# (con 2) SrStefflA-ra^ ^— (2 7) 

(2 7) OfflA«-Sr4:«0«flr# (co 
n2) 4rtCj:o-C, *l?y^a (2 2) A»&mAS 
3x<5^~* (Dl) S:RCL"CiiiaS*5^*fcttiBWf 
^SUoy^iy/W (28) t. Rl^oy 
9 4lf*<-9 (2 8) ^fefflAStuS^— ^iNAND 
y-h (2 6) ^fetUASixa^— ^ (D2) 2:«rl»a 
SIS Ltf-^ttl*^ 2/ 7 t K N AN D b 

(3 0) t, * — (2 7) <0ffl*«#4:IBIW« 

# (con 2) 4rM<fcoT, NAND^ — h (3 0) ^ 
feffl^S^ST*— ^«rS*BUT9 2^ o y 

fjf*—* (2 9) ^feWj^Sti/C^S. 

[0 0 2 6] Z<D£o\Zffi!&£tlttmMmm<DCAS 

l. JR2, »3, J64CASWf^-»m:»t5 
ffl®[Hl£S§5 (21) (DfttfBtff ^ (conl, c o n 2 , 
con 3) Rtf S D R AMO*- K l^^^ ? ^ 5>fiIS 
JlSCASKf^-WfllM (LE2, LE3, L 
E 4, LE 1 2. LE34) R— T?*>5 0 W 

1, I2CAS KfV^ Sllf^-eJ*, W-g- (LEI 
2) ^W*CJ)50-Cf-^^NANDy- h (2 6) 
^UtUl?^^ (2 3) (DAtlt® (D2) left 

S3. 1 4 c a s i/^r f y v-fflf^-cf tit 
(lei 2) tfo- -Ch^^'^m^m^'T^ ^=^— 
[0 0 2 7] ^lCAS WrW-ifPo 
ft# (LE2, LE 3, LE4. LE3 4) «: "a—" 

ft* (LEI 2) tt 'W t45©t, fflff 
[HlSSg(5 (2 1) HLE2, LE3. L E 4 J: 0 ©J QMS 

<c o n 1 H con2 x con3) O^TS: "a—" 
tCL, AND^ — h (2 5) tt^-^Kl&i#>ft< "a 

fftSrffl^t^o t£oT. SDRAMrt»f-^ 
tt, NAND^ — h (2 6) tC<t ^Ste^tvT, 31^^ 
(2 3) t!2 7 7f?iS: (2 4) StSTt'- 
9 v?T Kffl* * tbSo 

[0 0 2 8] S2CASWf^-»ff, 
^- K 1/ v 5 ^ ^ ^ C A S V^f f ^>-»Mf (LE 

2, LE12) Ht Vn>T m , CASWfy^-»M« 
f (LE3, LE 4, LE 3 4) fl "n— " tc!£;££ 

LK«-g-*s5S4fei-5. -5: It, $iJW0SS^ (2 1) tt, 
A^$tt-5^o 5f^«* (QCLK) S:SSLfcff#Sr 
«J»«# ( c o n 1 ) I, fM««* ( c o n 3 , 

con2)tt"n- w tt«S:«l»i-5. «&oT. 

(LE 3 4) ^ "n— " (LE 1 2) ^ 



(7) 



!&M 2000-163954 



(£. SDRAMOf- ?(4ISi7yf?a (2 3) £31 
2 7 (24) bZifrLXtiitl&ftZ. 

*2?y*-*a (2 4) icie^^tvfc^-^ji. nmm 

# (c on 1) a* "o-" OEKT?f-?S:U^L, ffl 
»«* (c o n 1) as •w- ©KiH-ett»c 
fc*5l$*-<?f*— * 4:1 A*? IS», y 

— Ka^y KA»P> 1 iNf ?/l>mz.fflfflm # ( c o n 1 ) 
a^ 2t>f^^lCSDRAM^ 

asa^sttSo 

[0 0 2 9] ^3 CAS WfyV-W, 
S3CAS W-^Vv— Sf)f£cD^-£-|i. CASWf> 
->-«»«■)§■ (LE34. LE3) tt *W" 1 V . 
CASWf^-Wft (LE12, LE2, LE 
4) I* "n-" Sot, (LEI 2) # 

"n — " tfe5©t?NANDy-h (2 6) Itt? £ 

m^- (LE3 4) as *vm"' -efeSOTgi. is 2 

^y^S (2 2. 2 4) RZfm&. y-yf-^Wt (2 3) 
OTD lffiaW*— y/u$jx^ 0 SiJffll[Hl8&la5 (2 1) tt. 
A73$^i-ff-^ (LE2. LE3, LE4) «fc •? f&JW 
««■ (c o n 3) Sr "n— " ta»»U MtPff# (c o 
Hi, c o n 2) &■ "/W (CfUrTS. con 3iS^r 
ttn — CD£*-efc£>as. conHlfll, ^uy^ff-g- 
(QCLK) <D&$]<D±%-x. jx v?^ a»i=> "n 

-" tswfru — j6B*miaic "n— " «s^ n {cm 

c o n 2ff •!§•«: ^ n s/^ ft -g- (QCLK) <D& 

[00 3 0] ®J!HP«# (conl. con2) f*. * n 
s^fff-g- (QCLK) <©2#S^co^v^-CS(J|EcOJ: 
5<Ci§aSriggV^Ti^»J-g-r. 1HfP«* (c o n 3) as 

"a—" ^yW^4-|t^LTV^£0-C <?— fnfglyy 
°f-^fk (2 2) Srffliai,T3WR5y^-#« (2 3) cod 
lSS3lc:eS$^ MtPfft (con 2) as -a—" tcS 
^£*X-5B#. 7*— #tt5WR?y*-*S (2 3) £ili®L 
■C»2?y*-#« (2 4) ize^^tuSo ffltt 
(c o n 2) as 'W (effigy 5 OT?. a*9y 
^a (2 3) f*M2 7 5'7 t ¥IS: (2 4) (ceigSJxfc 
f*-*Sr, IMtPflr-9- ( c o n 2) asE»c -B-- 

-rS^F*-C7 5/^LTV^5, MflMt-g- (conl) as 2 
SI© "<=-" K»t5i, »2 5yf*» (2 4) 

(conl) as «W" K^fSt. 
«»t5. 

[0 0 3 1 ] i4CAS u^ry->-roi^„ 

^4 C AS T^v"— ®jfEcO^-g-fi. SE3CASW 
7^V->— ffi)^-CCD«t ^1. i2 7yf¥S (2 

2. 2 4) tWl^yf?! (2 3) <DD 1 *B*r-f 
y^$ttS<t 9ICCAS WxVv— ftJWt-g- (LE3 

4, le4) sr -w- tcsa^-r-s. fsm^ivm (2 



1 ) as$fl®fS# (conl. c o n 2 . con3) SrB 
8ifRWLfcJ: 5fciiJ*-*-5. Ka-*-S1W«i**« "o 

-" Il77ffi (2 2) ^yf* 

ttfc^-^SraBR^y^ft (2 3) ODlflKcfig 
U Xlc*R?y*« (2 3) (t*2 5yf#ft (2 
4) KfiHtU I27yffg (24) \i&—9mj3* 

[0 0 3 2] 

[*W«>»*] *f5iT?liCASW7Vv'-i||@!| 

Sr^s'T'co^fcA^W^iSfi-fScoT-. CASW7 
fJWlHl8Sra«0^oy^ (QCLK) co^df-a — 

ttas-rsr. tas-?t. Lfcaso-c. ^^PpIcd^-** 

3<Z>-C. W«aS*-C»fW«SDRAM"C»^— 

SrfaJtS-e-* 5. 3<blc. *»BCASM 

7"v->-©JWIiISS«:. lHlBS«J5S;asfS^i:/i!3. a^offl* 

[B®<z>fB5$iftlftW] 

[Ell] »SDRAM(DCASl"f7yi'-J«l|il 
8&C9SE«B. 

[b 2 ] f&fea c a s w 7 1 timmtnt&im 

J&B. 

[0 3] B2<Z57s'^JS:cd#£/£B. 

IB 4] 0 3co^ny7'f>'/<- ^co^B. 

[BS] ^1 CAS Wv^Vv'-Ifjfl^'l' $ >^B. 

IB 6] |g2CAS Wfy->- 

[B7] iSCASWfyv-ft^^m 

[B8] g4CASH'7yv'-»^-f^m 

[B9] »©CASW7^i'-lff©QCLKS 

B. 

[BIO] t*3|5COCAS U-C^W— ffilf^COQC LK 
^B. 

[Bll] *^W3IJS^ffic0SDRAM-CC0CAS u 

[112] *&WmMMm<D CASH x ^->-©JW 

iagsco«^B, 

[113] *&W<D7 y^a©fMHB»B-C*>S. 

2 1 : Mflnaisn 

2 2. 2 4: 77f¥S 

2 3 : W7yff» 

2 5 : AND -7* — h 

2 6. 3 0: NANDy- N 

2 7 : — 

2 8. 2 9 i^Dy^-f^W 
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